In order to provide a guide in estimating the. number of colonies to be cested at the beginning of breeding work, this paper gives the theoretical distribution of the number of sex alleles in a sample of n queens and m drones drawn at random from a population having a known number k of alleles. It is assumed that the allelic frequencies are equal. If m is fixed at six times the value of n (considering that a queen is inseminated by six drones on average) and for k less than or equal to 20, the computation shows that there is a probability greater than or equal to 0.995 for recovering all the alleles in a sample in which 11 is equal to k.
RATIONALE
We are looking for the probability distribution of the number of sex alleles in a sample of n queens and m drones (represented by their spermatozoa deposited in the n queens'spermathecae) issued from a population having k alleles.
It is assumed that :
1 -the n queens and m drones are drawn at random from the population; 2 -the sample size is small enough compared with the population size to be considered a sample drawn with replacement; 3 -the sex alleles are in equal frequencies (equal to 1/k).
The number of sex alleles in a sample of n queens and m drones drawn at random from a population may be considered as a random variable : X(n, m). The possible values of X( I1 , m) are the integers between 0 and k.
Let us suppose that, after having drawn n queens and m drones, there are, for instance, i different alleles in the sample (in fact, we are only looking for the probability of such an event). We draw an additional drone. Two mutually exclusive events may then occur : -either, the allele carried by this drone is identical to one of those already sampled; the probability of such an event is equal to i/k; -or, this drone carries a new allele; the probability is then equal to (k -i)1 k.
We may represent the effect of drawing a drone upon the number of sex alleles in the sample by the following scheme :
The circles represent the different &dquo; states &dquo; of X and the arrows indicate the possible transitions between two states of X with the associated probabilities.
The number of sex alleles obtained through sampling drones may be therefore described by a stochastic process whose k + 1 possible states are the integers from 0 to k. The transition probabilities from one state to another are not influenced by the way in which the former state was reached. This process is consequently a Markov chain. Moreover, this Markov chain is discrete (the number of drones is an integer) and homogenous (the transition probabilities do not depend on the number of drones already sampled). As a result, the distribution of X(n, m) is entirely defined by the distribution of X(n, 0) and the transition stochastic matrix Q.
Let us call z i (ii, m) the probability that x (n. m) is equal to i and Z(n, Ill ) the row vector !;!(<!, m), z,(n, m), ..., z;(n, m), ..., zk(n, m)I giving the distribution of X(n. Ill ). We may write :
The transition matrix Q is composed of elements q j (I, j = 0, I, 2...k) whose valuc is the conditional probability that X( I1 ,1 I1 + 1) is equal to j, knowing that X( I1 , 111 ) is cqual to i. We have already established that if X(n, m) is in state (i), X( I1 , in + I) can only be in states (i) or (i 1 ! ). So Q is defined by the following relationships :
We have yet to define Z(n, 0). Using the same argument, the sampling of queens may also be considered as a stochastic process. Introducing an additional queen may bring 0, 1 or 2 new alleles according to the scheme :
This process is also a discrete and homogenous Markov chain. Calling P the transition matrix, we have :
Let us establish P = (p ij ) (i,j = 0, 1, 2... k). Since a queen is heterozygous at the sex locus, there are k(k-1)/2 possible genotypes which are encountered with the same probability if the population is at equilibrium. So P is defined by :
Combining equations (1), (2) and (3), we have N.B. : Inverting the two parts of the reasoning, we would have got :
The identity of equations (4) Firstly, queens must be drawn at random from the population. That is, they must not be more closely related than would be expected in a random sample of the population. In effect, this amounts to excluding samples of sister queens. Natural insemination of queens ensures that the sample of drones is selected at random from the whole available population.
Secondly, the above result shows that a very small sample is sufficient for collecting all sex alleles, which fulfils the second condition.
The third condition is usually assumed in studies of honeybee sex alleles (L AIDLAW and al., 1956; K ERR , 1967; W OYKE , 1976; A DAMS and al., 1977 
